Study objectives: Patients with rheumatoid arthritis (RA) have a high prevalence of pulmonary function test (PFT) abnormality, but the long-term significance of this is unknown. We performed a longitudinal study of pulmonary function in asymptomatic, nonsmoking patients with active RA requiring disease-modifying drugs. We looked for temporal change in lung function and characteristics that would predict subsequent development of PFT abnormality or respiratory symptoms. Methods: In 1990, 52 patients (44 women; age range, 29 to 78 years; median, 56 years) underwent clinical assessment (drug history, RA severity, immunologic, and inflammatory markers) and PFTs (spirometry, body plethysmography, gas transfer). PFT results were expressed as standardized residuals (SRs). Thirty-eight patients were reassessed in 2000. A self-administered questionnaire was used to identify respiratory symptoms.
R
heumatoid arthritis (RA) is a common multisystem disorder of unknown etiology affecting approximately 1% of the population. 1 Cross-sectional surveys of lung function in RA are common and have demonstrated a high prevalence of abnormality characteristic of interstitial and both large and small airway disease. [2] [3] [4] [5] More recently, high-resolution CT (HRCT) has confirmed the high prevalence of parenchymal and airway disease, often in asymptomatic patients and sometimes in the absence of pulmonary function or radiographic abnormality. 6, 7 The outcome of such patients with subclinical pulmonary involvement is unknown.
Previous longitudinal studies of pulmonary function in patients with RA have not suggested a consistent pattern of change. Beyeler et al 8 showed a decrease in FEV 1 , whereas Linstow et al 9 described an increase in diffusing capacity of the lung for carbon monoxide (Dlco), and Chakravarty and Webley 10 reported reversible pulmonary function changes, suggestive of interstitial disease, after introduction of gold. All these studies have included smokers, and Beyeler et al 8 and Chakravarty and Webley 10 attempted to assess the impact of drug therapy on pulmonary function.
The purpose of this study was to ascertain the prevalence of pulmonary function test (PFT) abnormalities in a population of nonsmoking patients with RA and no respiratory symptoms. We wished to determine how these changed over a 10-year period and identify factors that might predict the onset of symptoms or abnormality of lung function.
Materials and Methods

Recruitment
In 1990, we recruited patients from the RA second-line medication clinic at the Centre for Rheumatic Diseases at Glasgow Royal Infirmary. All patients had RA diagnosed by a consultant rheumatologist, according to American College of Rheumatology criteria, 11 and were receiving one or more diseasemodifying antirheumatoid drugs (DMARDs). Inclusion criteria were lifelong nonsmoking, no documented or recalled evidence of lung disease, and absence of respiratory symptoms on general inquiry at initial consultation. Informed consent was obtained from all patients, and the local Research Ethics Committee approved the study.
Clinical Evaluation
In 1990, we recorded rheumatoid factor (RF) and antinuclear factor (ANF) titers, erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), articular disease status (Ritchie articular index), duration of morning stiffness, and history of DMARD use. 12 ESR was measured by a Starsed assay (Mechatronics; R&R Hoorn, Holland). RF titer was determined by nephelometry, with a titer of Ͼ 22 IU/mL indicating seropositivity. ANF titer was determined by indirect immunofluorescence using rat liver substrate. CRP was determined by photometric analysis, with a titer of Ͻ 6 mmol/L indicating normality. All patients underwent comprehensive PFTs.
In 2000, the patients were invited to attend for repeat assessment. They underwent the same PFTs and also completed a modified form of a self-administered respiratory symptom questionnaire (American Thoracic Society Division of Lung Diseases 78-A adult symptom questionnaire). 13 Questions concerning passive smoking exposure were added, and the language was altered in some places to British from American English. The expected prevalence of symptoms was obtained from the third National Health and Nutrition Examination Survey. 14 
Pulmonary Function
Spirometry, flow-volume loops, and lung volumes were measured using the Morgan Medical Autobox (Morgan Medical; Kent, UK) in 1990 and the V6200 Autobox (SensorMedics Corporation; Yorba Linda, CA) in 2000. The variables measured were vital capacity (VC), FEV 1 , mid-expiratory flow (FEF ), residual volume (RV), total lung capacity (TLC), specific airways resistance, and specific airways conductance (sGaw). Dlco was measured with the single-breath technique using the Transflow System (Model 540; Morgan Medical). These values were corrected for hemoglobin concentration. Tests were performed according to the British Thoracic Society/Association of Respiratory Technology and Physiology guidelines. 15 The same investigator performed the tests in 1990 and 2000.
Results of at least three satisfactory maneuvers were analyzed, and the reported values were the highest value for FEV 1 and VC and the mean of the three results for each of the remaining indexes. We used the regression equations for normal values derived from the European coal and mineworker's database, 16 which use height, age, and sex as independent variables. Excluding one subject, the median difference (interquartile range) in height over the study period was Ϫ 1 cm (Ϫ 3 to 1 cm). This is commensurate with age-related change. One subject was severely affected by spinal deformity over the study period, losing 17 cm in height; in this case, arm span was used. Values were defined as abnormal if greater than two standardized residuals (SRs) from the predicted result.
Statistical Analysis
Group data are shown as mean Ϯ SD unless otherwise specified. Pulmonary function data have been given as mean absolute values and SRs. The latter are calculated from the following: SR ϭ (observed value Ϫ predicted value)/RSD where RSD is the residual SD taken from the regression equation used to derive the predicted value. 15 Statistical significance was assessed using the one-sample t test, the 2 test, and differences between proportions using the binomial distribution. Binary logistic regression was used to identify predictors of respiratory complications. All statistical analysis was performed with Statview software (SAS Institute; Cary, NC), except for binary logistic regression where Minitab 13 (Minitab; State College, PA) was used. Values of p Ͻ 0.05 were considered significant.
Results
We studied 52 patients (44 women; age range, 29 to 78 years; median, 56 years). Thirty-eight patients were seropositive, and all were receiving DMARD therapy with a median lifetime use of two agents (range, one to four agents). The DMARDs used and the number of patients prescribed them are as follows: IM gold (n ϭ 25), sulfasalazine (n ϭ 22), penicillamine (n ϭ 11), hydroxychloroquine (n ϭ 8), methotrexate (n ϭ 4), and azathioprine (n ϭ 3). Only three patients had been solely administered
hydroxychloroquine, indicating that we had a very small number of patients with mild rheumatoid disease. Patient characteristics at study entry are shown in Table 1 . By 2000, 9 patients of the original cohort had died and 43 patients were invited for reassessment. Two had died from respiratory disease (pulmonary fibrosis, lung cancer/tuberculosis), and the remaining seven patients died from extrapulmonary malignancy (n ϭ 4), ischemic heart disease (n ϭ 1), renal failure (n ϭ 1), and general debility (n ϭ 1). Figure 1 summarizes patient follow-up. Table 2 shows the group mean PFT results for all patients in 1990. Both FEV 1 /VC and FEF were significantly lower than predicted. VC was significantly higher than predicted, but this was not considered to be of physical significance. In 1990 for the subset of patients with repeat values only, FEF was significantly reduced (Ϫ 1.22 SR; range, Ϫ 1.68 to -0.76; n ϭ 13; p Ͻ 0.0001). Table 3 shows the follow-up PFT results. FEF has remained low, but now RV/TLC was significantly increased and Dlco reduced. Only 31 of our group had Dlco measurements performed in both 1990 and 2000. 
Cross-Sectional Results
Longitudinal Results
To enable comparison of longitudinal changes between the various pulmonary function parameters, we calculated the difference (in SRs) between measured and predicted values for each subject with repeat values. We then expressed these as a rate of change by dividing the change in difference between the two sets of PFTs by the time interval in years. None of the rates of change of SR was significant. The decline in Dlco was a trend only, with a p value of 0.1. Although we could demonstrate an abnormality when the longitudinal results were compared with a reference population, we could not demonstrate a difference between the results from the two time points. Mean SR values are displayed in Figure 3 . The percentage of PFTs that lay outside the normal range in 1990 was higher than expected when compared with a reference population (8.7% vs 5%, p ϭ 0.003). In 2000, the incidence of abnormality remained higher than expected (8.8% vs 5%, p ϭ 0.003), with no significant change over the 10 years.
To examine the changes in type of PFT abnormality over time, we classified patients with abnormal PFTs as having an obstructive, restrictive, or mixed pattern (Table 4 ). There were no significant differences in the patterns of abnormality or total numbers of patients with abnormality between 1990 and 2000 (p Ͼ 0.2). Twenty-seven percent of our population in 1990 and 2000 had PFT abnormalities that together could be classified as suggesting a disease pattern.
Symptom Results
Forty patients in 2000 completed the respiratory symptom questionnaire either when reassessed (n ϭ 34) or by telephone (n ϭ 6). Thirty-five percent of this cohort had acquired respiratory symptoms. Breathlessness was most common (25%), followed by cough (16%), sputum production (12.5%), and wheeze (7.5%). The expected prevalence figures of 
Regression Analysis
Binary logistic regression was used to try to predict membership of the following patient groups: (1) those with PFT abnormalities in 1990, (2) those with PFT abnormalities in 2000, (3) those who acquired respiratory symptoms, (4) those who did not attend for repeat tests, and (5) those who died. The variables used either singly or in combination in the prediction model were sex, age, passive smoking exposure, ESR, CRP, disease duration, pain score, articular index, RF, ANF, DMARD use, and PFT abnormality in 1990.
Very few positive associations were found. The only factors predicting abnormal lung function in 2000 were initial abnormality in 1990 (p ϭ 0.008) and shorter disease duration (p ϭ 0.04). A worse outcome (death or failure to reattend) was associated with a higher pain score (p ϭ 0.03) and negatively with sulfasalazine use (p ϭ 0.04).
Discussion
There have been a considerable number of crosssectional studies looking at the prevalence of pulmonary abnormalities in patients with RA who were not known to have lung involvement. The older studies 4,5,17-24 used PFTs to detect the abnormalities, whereas in more recent times this has been combined with HRCT of the thorax 6, 7, [25] [26] [27] [28] ; all studies concur in that a high prevalence of abnormality (35 to 65%) can be found. By contrast, 27% of our population had pulmonary function abnormalities that may represent patterns of disease in both 1990 and 2000. However, there is significant heterogeneity between study results in terms of the type of abnormality detected. Whereas in some cases, the predominant defect was volume restriction with impaired gas transfer, 18, 20, 26, 29 in others airway obstruction, both large and small, predominated. 4, 17, 21, 23, 24 In the studies 6,25,30,31 with HRCT, bronchiectasis was sometimes the most common lesion.
This heterogeneity could reflect differences in study design. Clearly, the diagnostic modality used (radiology or physiology) will have a large impact on the range of lesions detected. Few studies selected a cohort of nonsmoking patients, 22, 24, 28, 32 and in all cases a proportion of the subjects had preexisting respiratory symptoms. All patients had RA, but some studies applied further inclusion criteria such as disease activity or DMARD use. 8, 10, 33, 34 In defining the presence of PFT abnormality, studies 6, 20, 22 have applied different criteria, some using percentage of predicted ranges and others using confidence intervals (CIs) derived from SRs. 3, 8 Of the two, the use of SRs is more methodologically sound. 35 There are a number of drawbacks to an analysis based on percentage of predicted values. They overestimate the significance of lung function variation in smaller and older subjects, which makes the combination of group results of uncertain validity and can lead to the description of significant abnormality where none exists. Lung volumes have a natural decline with age, but the spread of values remains unaltered; therefore, percentage of predicted values would show an erroneous change over time, whereas SRs avoid this problem. This is because the denominator is becoming smaller while the absolute difference between the actual and the predicted value is unchanged. The reporting of SRs also allows direct comparison of the degree of abnormality between PFT variables that have different units and SDs.
To demonstrate the effect of using percentage of predicted values rather than SRs, the group mean values from Table 2 are shown again in Table 5 , but this time using percentage of predicted. A onesample analysis for significance assuming a mean value of 100% has been performed. As can be seen, many more of the PFT variables appear abnormal, which is erroneous.
There are fewer studies 8 -10,33,34 that have looked at longitudinal change in pulmonary function in patients with RA. Again, these are of heterogeneous design with conflicting results. The study 9 with the longest follow-up assessed pulmonary function over an 8-year period in 63 patients with RA. At entry, all the patients had reduced Dlco. They found that Dlco and transfer coefficient for carbon monoxide (KCO) improved but VC decreased. This unexpected gas transfer finding could represent regression toward the mean given the way in which the subjects were selected. The most similar study 8 to ours looked at 96 patients receiving methotrexate, which reported small but significant reductions in FEV 1 /FVC and Dlco and increase in alveolararterial oxygen pressure difference over the follow-up period. Three further studies 10, 33, 34 assessed pulmonary function following the introduction of a DMARD. In the article by Chakravarty and Webley, 10 patients were randomly assigned to gold, penicillamine, or azathioprine. A significant proportion receiving gold and penicillamine acquired a restrictive-type defect (reduction in VC and KCO) within 2 years that improved in the case of gold after withdrawal of the DMARD. In the articles by Cottin et al 33 and Dayton et al 34 , 124 subjects and 31 subjects, respectively, were commenced on methotrexate. 33, 34 In the former case, statistically significant but subclinical reductions in VC and KCO were seen at 2 years, but the latter study failed to replicate this finding. None of these studies were able to identify disease factors that would predict accelerated deterioration of PFT results.
In our study, we have tried to address some of the limitations of the earlier research. We enrolled a well-defined population from which results could be generalized. This was done by selecting patients with significant rheumatoid disease activity (defined by established use of DMARD) and excluding any patients with preexisting respiratory symptoms. Our subjects were assessed after a long time interval (10 years) to enhance the sensitivity of the study in detection of temporal trends. We included only lifelong nonsmokers to eliminate this as a confounding variable. All measurements were expressed as SRs and were independent of the influence of age, height, sex, and time.
The cross-sectional results in Table 2 extend the findings of earlier studies. A nonsmoking RA population with no respiratory symptoms shows minor PFT abnormalities when compared with reference values, namely a reduced FEV 1 /FVC ratio as mentioned earlier. Although FEF was also decreased, we hesitate to attach any significance to this, as results were only available for a small subset of our patients. In the 41 patients who were reassessed, the prevalence of abnormal PFTs was higher than expected but did not increase. Despite this, at reassessment mean Dlco had become significantly reduced and mean RV/TLC significantly elevated when compared with reference values. (Note, however, that this did not represent a significant difference from the initial results). Such changes in gas transfer have been found by others, 10, 33 and could suggest development of early parenchymal lung abnormality. By contrast, an increase in RV/TLC ratio suggests worsening of air trapping and airways obstruction.
As with preceding studies, 8, 9 we have attempted to use patient characteristics to predict who would acquire respiratory complications. We were only able to define preexisting abnormality and shorter disease duration as factors that may predict those patients who will have abnormal PFT results. The former is to be expected and reassures us that the abnormalities found were permanent and not measurement errors. As regards disease duration, this finding perhaps suggests that if PFT abnormalities are going to develop, then this will occur early in the course of the disease. Although one of our subjects with initially abnormal results died from progressive lung disease in the intervening period, in general abnormal initial PFT results did not predict a bad outcome. We are not able to explain the negative association found between sulfasalazine use and poor outcome, as the group treated with this agent were no different from the other subjects with respect to RA characteristics. A significant proportion (35%) of our patients acquired respiratory symptoms by the end of the 10-year period, which was in excess of that expected for healthy, lifelong nonsmokers, and is in keeping with the higher prevalence of PFT abnormality in the study cohort. This figure is likely to be inflated as initial symptom evaluation was by informal questioning, whereas at reassessment we used a more sensitive tool. However, neither symptoms nor passive smoking exposure were associated with the development of pulmonary function abnormality or with a poor outcome.
Conclusions
We have demonstrated that, within a population of patients with RA selected as lifelong nonsmokers with no respiratory symptoms, the prevalence of pulmonary function abnormality is higher than expected when compared with a reference population, but did not increase over 10 years. Assessed by group means and SRs, both Dlco and RV/TLC became significantly abnormal in 2000 when compared with reference values. However, rates of change of pulmonary function variables were not significantly different from zero, and no particular trend emerged when patients were classified as having an obstructive, restrictive, or mixed picture. Neither disease characteristics nor development of respiratory symptoms were associated with abnormal lung function. Analysis using percentage of predicted values, rather than SRs, is misleading, as it exaggerates the extent of abnormality present. Abnormal lung function is a common and probably benign finding in nonsmoking, asymptomatic patients with RA.
